In this work we firstly tested the influence of low molecular weight fucoidan extracted from pheophicae cell wall on bidimensional cultured normal human osteoblasts behaviours. Secondly impregnation procedure with LMW fucoidan of bone biomaterial (Lubboc®) we explored in this bone extracellular matrix context its capabilities to support human osteoblastic behaviour in 3D culture. In bidimensionnal cultures we evidenced that: LMW fucoidan promotes human osteoblast proliferation, collagen type I expression and favours precocious alkaline phosphatase activity. Furthermore with LMW fucoidan von Kossa's staining was positive at 30 days and only positive at 45 days in absence of LMW fucoidan. In our three dimensional culture models with the biomaterial pretreated with LMW fucoidan osteoblasts promptly overgrew the pretreated biomaterial. We evidenced too osteoblasts increased proliferation with pretreated biomaterial when compared with untreated biomaterial. On control as well as with LMW fucoidan impregnated biomaterial osteoblasts secreted osteocalcin and expressed BMP2 receptor. In conclusion, in our experimental conditions LMW fucoidan stimulated expression of osteoblastic markers differentiation such as alkaline phosphatase activity, collagen type I expression and mineral deposition, furthermore cell proliferation was favoured. These findings suggest that fucoidan could be clinically useful for bone regeneration and bone substitute design.
. Unfortunately this autologous material is limited in volume and surgical procedures increase operating time and donor site morbidity risk [2] . For these reasons clinicians have turned towards alternative materials such as allografts, synthetic materials or xenogenic bone substitutes.
Allografts are used commonly and exhibit very good osteo-integration, but samples submitted to minimal treatment (freezing, antibiotics) before grafting must be strictly controlled for bacterial or virological infections this leading to high financial costs [3] .
Synthetic materials were also proposed but are not used in loading site owing to their poor mechanical properties. Acellular xenogenic resorbable substitutes of bovine origin appear to be an interesting alternative owing to their mechanical properties and porosity close to human bone and to a non pyrogenic and non antigenic material generating process [4] . For example Lubboc® (Transphyto SA, Ost-Developpement Clermont-Ferrand, France) is a resorbable highly purified cancelous bone substitute from a bovine source used in orthopaedic and periodontol surgery procedures. Chemical and physical purification processes allow preservation of the bone mineralized fibrillar collagenous scaffold only.
These materials are considered osteoconductive and serve as scaffold for new bone ingrowth. Bio-integration of the xenogenic material depends on the capacity of the bone cells from the host to migrate into the biomaterial, to proliferate and to ensure the remodelling of F o r P e e r R e v i e w 3 the bone matrix. Unfortunately the purification process which preserves mineral fibrillar collagenous scaffold, eliminates all other bone matrix proteins and thus the capacity of biomaterial to retain growth factors such as BMPs or FGFs (crinopexy) [5] . This could explain better osteo-integration capability of bone allograft compared with highly purified xenogenous bone material. As a result, it would be interesting to restore the capabilities of this collagenous purified scaffold to trap growth factors.
Use of fucoidans, sulphated polysaccharides from pheophicae cell wall, could be an attractive alternative. After extraction and acidic hydrolysis or free radical depolymerization [6] , low molecular weight fractions of fucoidans (LMW fucoidan, <30kDa) were shown to exhibit numerous heparan sulphate properties without strong anticoagulant activities as shown for heparin [7] .
For example LMW Fucoidans are potent inhibitors of connective tissue breakdown [8] , promote fibrillar collagen matrix formation by cultured fibroblasts [9] , support fibroblastic proliferation [9] , and stimulate in vitro and in vivo angiogenesis [10] , [11] . These properties are essentially due to the capability of LMW fucoidans to provide protection and signal promotion to heparin binding growth factors such as FGFs, or VEGFs [12] , [13] . Thus Low molecular weight fucoidans are proposed as tissue regenerating agent which could improve material biocompatibility.
The aim of our work was to study LMW fucoidan effects on normal human osteoblast differentiation in two dimensional cultures, and to investigate the behaviour of these cells cultured in tri-dimension with Lubboc® after impregnation or not of the biomaterial with LMW fucoidan. Human osteoblast cells (HOBs) were isolated from trabecular bone in two patients one male aged 27 and one female aged 39 undergoing hip joint replacement surgery after a traffic accident. Bone materials were obtained after informed consent of the patients according to the Declaration of Helsinki. Alveolar bone chips (3x3x3mm) were harvested and thoroughly washed in phosphate-buffered saline (PBS) and placed on culture dishes with Dubelcco's modified Eagle's medium (DMEM) dropped on each tissue fragment for 2 hours. DMEM contained 2µg/mL fungizone, antibiotics (100U/mL penicillin, 100µg/mL streptomycin) and 20% fetal calf serum. The culture dishes were then placed at 37°C and 5% CO 2 in a heat sterilized incubator. Culture medium (DMEM, 20% fetal calf serum, penicillin, streptomycin, fungizone) was renewed each 3 days. At day 5 of culture cells migrated from bone chips and reached confluence in 4 weeks.
Osteoblast culture in 2 dimensions
Confluent human osteoblasts were seeded (after trypsin treatment) at 10 4 cells per well in a 24 well plate during 24 hours with DMEM containing 10% fetal calf serum, penicillin (100U/mL), streptomycin (100µg/mL). After cell adhesion the culture medium was renewed and low molecular weight fucoidan was added (10µg/mL) or not. We conducted in a previous work osteoblast cultures with 1µg/mL, 10µg/mL and 100µg/ml of fucoidan , in which we observed that with 10µg/mL of fucoidan the proliferation of osteoblasts were optimal For this reason this concentration was used in this work. Culture medium was renewed each three days and LMW fucoidan was added in the culture medium every three days. At day 21, osteogenic induction was conducted through supplemented media with 100nM glycerophosphate and 25mM ascorbic acid. Electrophoresis was carried out using a mini protean II system (Biorad, France) ten per cent polyacrylamide gels (10cm height, 1.5 mm thickness, DURACRYL from Millipore) contained buffered solution consisting of 2.5mL 1.5M Tris HCl pH8.8; 100µL SDS 10%, 
Cultures in two dimensions
Cell proliferation in 2D culture
Cell proliferation was comparable at day 7 of 2D culture for osteoblasts cultured in the presence of fucoidan (10µg/mL) when compared with osteoblasts cultured without fucoidan.
At this time cell numbers was estimated at: 65000+/-2600 for control cells and at 54000+/-1700 cells for osteoblasts cultured in the presence of fucoidan (see figure 1 ). The addition of fucoidan to the osteoblast cultures results in an increase in the cell proliferation from day 7 to day 45 when compared with osteoblasts cultured without fucoidan; thus, at days 15 and 45 cell numbers were estimated at: 116000+/-8400 and 209000+/-2500 respectively for osteoblasts cultured in the presence of fucoidan and estimated at 88000+/-220 and 138000+/-1700 for cells without fucoidan (see figure 1 ).
Alkaline phosphatase staining For osteoblasts cultured in the presence of 10µg/mL of fucoidan von Kossa's staining was positive at 30 days for few nodules and the staining was intense at 45 days (see figure 3d, e).
Indirect immunodetection of type I collagen
Indirect immunodetection of type I collagen was positive at 15 days for osteoblasts cultured in the presence of fucoidan as well as for osteoblasts cultured without fucoidan, the labelling being cytoplasmic. Positive immunodetection of type I collagen was observed located at the cell periphery after 45 days for cells cultured without fucoidan (figure 3c), this After western blotting analysis osteocalcin was shown to be present in the culture media.
Osteocalcin appeared as a band with an apparent molecular mass estimated at about 10kDa. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 [12] , [13] , with weaker bleeding effect [7] . Furthermore anti-proteolytic effects and connective tissue protection have been recently described for this polysaccharide [8] . As heparan sulphate, LMW fucoidan promotes endothelial cells, and dermal fibroblasts proliferation [10] , [9] , and in vivo neoangiogenesis [11] . LMW fucoidan could then be considered as healing promoter. Therefore this non animal compound could be advantageously used in bone healing. We first tested the influence of this heparan mimetic polysaccharide on bidimensional cultured normal human osteoblasts behaviour.
Sequential kinetics osteoblast differentiation in bidimensional culture [14] , [15] , [16] is well defined. This differentiation is characterized by cell proliferation, collagenous matrix formation, mineralized nodule formation, expression of alkaline phosphatase activity and osteocalcin.
In bidimensional culture, our results evidenced the capability of LMW fucoidan to promote human osteoblast proliferation that can be explained by serum growth factors protection and promotion. Furthermore, increase of fibrillar collagens in cultured bone cell extracellular matrix by LMW fucoidan was previously observed in fibroblast and smooth muscle cells cultures [9] , [17] . In culture, bone cells proliferation and collagen fibrillation are essential for in vitro osteogenic differentiation [16] . These data are in concordance with advanced osteoblasts differentiation with LMW fucoidan, as shown by early peak of alkaline phosphatase activity, early nodule formation, and massive extracellular matrix mineralization observed in the latter phase of 2D culture.
In the second step of our experiments, we used xenogenic bone cancelous material proposed for bone surgery repair (Lubboc from Transphyto Ost-Developpement ClermontFerrand, France). This biomaterial consists of purified bone natural mineralized collagenous scaffold considered as apyrogenic and non-immunogenic and biocompatible material [4] .
In vitro cultures of osteoblasts in porous materials like ceramics [18] collagen [19] commercial bone substitutes [20] or polymers scaffold [21] were conducted by several groups.
It has been proposed that the porosity of the biomaterial is an important parameter for deep cell colonization of the porous material with a good supply of fluids with nutrient throughout the biomaterial [22] . Our observations are in accordance with these propositions. 1) .
By simple impregnation procedure with LMW fucoidan solution (40 µg/mL) we modified this biomaterial to explore in this bone extracellular matrix context its capabilities to support human osteoblastic behaviour.
In our three dimensional culture models, human osteoblasts seeded on to the biomaterial (Lubboc®) pretreated with LMW fucoidan were shown to adhere to the biomaterial, exhibited an elongated shape and were oriented parallel to the collagen bundles. These results suggest that the biomaterial pretreated with LMW fucoidan retains its capacity concerning the adherence osteoblastic cells. With scanning electron microscope we observed that fucoidan pretreated biomaterial was overgrown with osteoblasts. These are important data, considering the possible development of tissue engineered hybrid material which could contain biocompatible osteoconductive materials and competent bone cells for biomedical applications. . These data exhibit the importance of biomaterials microenvironment: bone allograft processing preserved non collagenous proteins, particularly proteoglycans, involved in growth factor availability, that were eliminated during Lubboc purification. This suggests that biomaterial impregnation by LMW fucoidan acts as a glycosaminoglycan alternative for heparin binding growth factor such as FGF2 [7] , or TGF
[28] and thus favours osteoblast performance.
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